these, the International Joint Commission on Great Lakes Water Quality targeted 11 of the most persistent toxic substances as critical contaminants (2): polychlorinated biphenyls (PCBs), dioxins, and furans; the organochlorine pesticides dichlorodiphenyl trichloroethane (DDT), toxaphene, mirex, dieldrin, and hexachlorobenzene (HCB); the heavy metals methylmercury and alkylated lead; and benzo [a] pyrene, a member of a class of substances known as polycyclic aromatic hydrocarbons (PAHs).
Since the early 1970s, monitoring data have shown the presence of these waterborne toxic chemicals in the sediments and biota (plants, fish, wildlife) of the Great Lakes, the latter through the processes of bioaccumulation and bioconcentration. An important consequence of these developments is a heightened awareness and a growing public and scientific concern over the past 25 years about how and to what extent the health of wildlife and humans in the Great Lakes basin may be affected by exposure GLHEP-supported research involving measurements of organochlorine chemicals in human adipose tissue, breast milk, and blood has confirmed that humans in the Great Lakes basin are exposed to persistent toxic chemicals through the air we breathe, the water we drink, and the food we eat. The latter accounts for approximately 80 to 90% of human exposure to most persistent organochlorine contaminants (4) . This proportion may be even higher for consumers of large quantities of Great Lakes fish or wildlife in which these contaminants can readily bioaccumulate.
Over the years, tissue levels of some of the most prevalent contaminants (e.g., PCBs (5) . Minor regional differences were detected, with mean population residues being slightly but not significantly higher in the Great Lakes basin compared to the rest of Canada. Concentrations of PCBs, DDT, and HCB were higher in those who consumed more than 100 g of fish weekly. Higher than average exposures have been observed more generally in those who consume relatively large amounts of contaminated fish or wildlife, such as Native people, sportsmen, and their families. In the future, human tissue residue levels are likely to decrease slowly if continued efforts are made to reduce discharges to the environment and to clean up contaminated areas.
Health Effects
The GLHEP has used a weight of evidence approach to assess the human health effects of exposure to environmental contaminants in the Great Lakes basin. This approach considers all quality scientific data on adverse health effects, i.e., from studies on a range of wildlife species, toxicologic studies on laboratory animals, and human epidemiologic studies of acute accidental or chronic occupational exposures. These data have proved useful in hazard identification and in weighing the potential for adverse health effects in human populations in the Great Lakes region.
Monitoring of various fish, bird, and mammalian species in the Great Lakes basin during the 1970s provided the first alert of adverse health effects due to exposure to chemical contaminants. A wide range of effects were observed between the mid-1970s and mid-1980s, including reproductive failure and population declines in mink, lake trout, bald eagles, snapping turtles, double-crested cormorants, herring gulls, and common terns; congenital malformations were observed in the latter four species, as well as various biochemical changes in the latter three (4 (4) .
These successes must be tempered by new realities. We are entering a new era in which further reduction is more complex and problematic. For example, long-range atmospheric transport and deposition of several persistent chemicals is now a relatively greater source of input to the Great Lakes than are traditional point sources.
Long-range atmospheric transport is a global problem not resolvable by any one country acting alone. Local air pollution is also a growing problem for health and well-being. While the levels of many routinely measured airborne pollutants have decreased over the years, sulfate and ground-level ozone concentrations continue to rise in many large urban areas of the basin (3). Recently, a linear, nonthreshold relationship has been established between increased ozone and sulfate levels and increased hospital admissions, especially of people predisposed to respiratory disease such as asthma (6) . International progress to control these pollutants is urgently needed.
Evolving Issues
The ways by which we measure health are changing. Traditional health outcomes such as cancer and birth defects, which are well recorded, are comparatively insensitive indicators of the effects of long-term, low-level exposure to environmental contaminants. Increased interest in and attention to the more subtle potential health effects of chronic low-level exposures to mixtures of chemicals are evident in current and future research directions. These include the study of effects associated with hormone alteration, stimulation or mimicry, genital development, endometriosis, sperm abnormalities, subclinical immune dysfunction, respiratory effects, neurobehavioral and child development, and psychosocial health. People's perceptions of their health and the effects on social structures and functions are as significant as clinically demonstrated disease conditions. The findings presented in the series of topic papers that follow form the basis for further study of these evolving issues and serve as a valuable contribution to ongoing research on the human health impact of environmental contaminants in the Great Lakes basin.
